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ABSTRACT
This document, although substantially based on the

results of empirical inquiry, is basically a position statement
dealing with doctoral programs in science education as well as other
areas of curriculum and instruction. The author contends that
doctoral programs in science education should provide for in-depth
training of students in one of three specialization areas in addition
to a general science education preparation. These three areas are:
(1) research and evaluation, (2) development, and (3) instructional
leadership (teacher education and implementation of curricular
change) . (PEB)



U S tprpARTAIE NT OF HEALTH
ED 4CATION II WELFARE
NATIONALNSII TUT i or

C [DUCATY% /4)s DOCUMENT NAT
iOR

SEEN REPRO
Ou(ED EXACTLY A5 RECEIvED FROM
THE PERSON OR ORGANIZATION OR 10i NI
ATINO IT POINTS Or V1EW OR OPINIONS
STATED DO NOT NECESSARILY REPIRE

reN
SENT OFFICIAL NATIONAL INsrourup
rout 00101,1 POSITION OR POLICY(N4

ON

THE SCIENCE EDUCATION DOCTORATE:

COMPETENCIES AND ROLES

Ronald D. Anderson

University of Colorado

Presented at the annual convention of the National Association for
Research in Science Teaching in Chicago, Illinois on April 17, 1914.

- Although substantially
based upon the results of
empirical inquiry conducted
by the author:and others, this
paper is basically a position
statement dealing with doctoral
programs in science education

1!114

as well as other areas of
curriculum and instruction.

cr)



THE SCIENCE EDUCATION DOCTORATE: COMPETENCIES AND ROLES

The competitive Job market in which new recipients of the doctorate in

science education find themselves serves to emphasize what has been becoming

increasingly apparent -- doctoral programs need to be modified to provide

recipients of this degree with those specialized skills that are needed to

accomplish the educational tasks faced in today's world. The inevitably in-

creasing rate of change and specialization has brought us to the point where

a science education doctorate without some specialization therein is inadequate

preparation for most of the Jobs for which graduates are competing. This is

not to say that the doctorate in science education as a specialized degree is

obsolete or that a strong background in science and a general background in such

areas as educational psychology, sociological foundations, curriculum and research

is not needed. In addition to his general preparation as a science educator,

however, each recipient of a doctorate must have the preparation required to

undertake at least one of several specialized functions for which science

educators are responsible today. Information provided below in this paper is

used as a basis for proposing that doctoral programs in science education should

provide for in-depth training of students in one of three specialization areas in

addition to this general science education preparation. Although every program

need not provide for all three of these specializations, an attempt must be made

to provide a quality preparation in those areas where it has the required insti-

tutional resources and faculty competencies. This situation obviously is not

unique to science education; the discussion which follows probably is applicable

to all those education doctoral programs commonly included in the area of curri-

culum and instruction.
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RESEARCH ON EDUCATIONAL FUNCTIONS AND COMPETENCIES

Recently this author and others under the auspices of the American Educa-

tional Research Association Task Force en Training Educational Research and Research-

related personnel conducted an analysis of the tasks and competencies of personnel

engaged in exemplary research and research-related activities in education. This

empirical study was initiated to begin filling a void in existing knowledge of

the training of educational research and research-related personnel, namely the

lack of information on the specific tasks performed by such personnel and the

specific competencies required of them in performing these tasks. A full report
I

of the research is available elsewhere; only a brief condensation of those results

relevant to this discussion are contafied herein.

Since the study was focused upon personnel engaged in research, develop-

ment, diffusion, and evaluation (RDDE) functions and these labels are used in the

following discussion, a definition of these terms must be attempted here in spite

of the fact that simple and satisfactory definitions are difficult to present.

Research describes phenomena or employs systematic procedures to test

hypothesized relationships between variables with the goal of producing gen-

eralizable knowledge. This knowledge may or may not have direct and immediate

practical applications. Although research includes historical and philosophical

inquiry in addition to empirical inquiry, the term generally is focused upon

empirical inquiry when used in the context of RDDE. While the term is used

herein in this latter sense, no reflection upon the value or respectability of

historical or philosophical inquiry is intended or implied.

Development (educational) is the endeavor of producing and testing materials

(e.g., films, books, transparencies, laboratory equipment, or programs for
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computer-assisted instruction) and processes (e.g., modular scheduling or

individualized instruction) for use in schools. Research findings may be em-

ployed in the creating of the idea and the testing of the product it evaluation,

but educational development clearly is an activity that makes use of competencies

qualitatively different from those employed in researd.

Diffusion is the process of initiating and stimulating the application of

the results of educational research and development (knowledge, products and

processes) in practice. It may include, among others, the dissemination of

information, demonstrations of the use of the product, process, or knowledge,

and procedures to facilitate the implementation of the product, process, or

knowledge into school practice. Although not directly an inquiry activity,

diffUsion is necessary if research and development are to have an impact upon

educational practices.

Evaluation is the activity of determining the value of an educational pro-

duct, program, or process. As such it is directed toward aiding the decision-

making process in education (e.g., deciding whether or not to adopt a new set

of curriculum materials, modify a school scheduling procedure, replace a par-

ticular remedial program, or alter the process by which a school planning

group is developing a new school program) rather than producing generalizable

knowledge as is done in research., Although differing from research in its goals

it is closely related to research in the technical skills required.

The data upon which the study of RDDE personnel was based were acquired

through interviews with people identified as being engaged in exemplary educa-

tional research and research-related activities. The interviewees were selected

from organizations such as regional educational laboratories, research and

development centers, state departments of education and public school units which
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were identified as being engaged in exemplary R,D,D, or E work or they were

identified as individuals engaged in exemplary research work (the latter were

almost entirely from universities). The structured interview employed was

approximately of two hours duration and was designed to obtain information about

the tasks performed by the interviewees and the comnetendies required in the

performance of these tasks. Tasks (specific activities which are part of the

conduct of research and research-related work, e.g.,'defining a research problem

or preparing a script for a filM) were viewed as collections of competencies

410 (skills and knowledge necessary to complete a task, e.g. , the ability to con-

struct a good test item).

The data obtained were compiled and categorized (69 task categories and

226 competencies Categories) and then analyzed by factor analytic procedUres to

find out what "clustering" of tasks occurred and what groups of competencifs

were associated with these task factors.

The 11 task factors which were identified and named are listed below,

1. Designing research studies and conducting and interpreting data analysis.

2. Developing instructional materials.

3. "First-level" administration of inquiry and inquilAy-related projects

and activities.

4. Conducting evaluations and constructing and using data collection

instruments.

5. Diffusing information and products.

6. Developing and operating information storage and retrieval systems.

7. Evaluating inquiry and inquiry-related proposals and monitoring

funded projects.

8. Searching, reading, and reviewing the literature.
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9. Designing and maintaining computer systems and writing computer

programs.

10. "Second-level" administration of inquiry and inquiry-related projects

and activities.

11. Developing and scoring tests.

There are logical interrelationships between the factors identified above

and the research, development, diffusion, and evaluation functions referred to

earlier. For example, task factor 1 is clearly a central function of a researcher

and to some extent, of course, is a function of evaluators as well. On the other

hand, task factor 4 is a central thrust of evaluators although because of its

data collection component it is a function of researchers to some extent also.

Task factor 2 is obviously the central activity of developers today. In contrast

to these rather specific.functions, task factor 3 is common to all four of the

areas - research, development, diffusion, and evaluation.

In the original report of this research there is a more extensive discussion

of the ways in which.theSe task factors are related to the RODE rubric along

with a presentation of the competencies employed in each of these functions.

Such a discussion of competencies will be presented herein, however, under some-

what different categories in the section below.

PROPOSED DIFFERENTIATION OF FUNCTIONS

A new framework of functions is proposed here which is more consistent with

the categories of activities in which science educators and other persons in

curriculum and instruction find that they have responsibilities. This frame-

work includes three areas: (1) research and evaluation, (2) development, and

(3) instructional leadership (teacher education and implementation of curricular
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change). It should be emphasized, moreover, that the three major functions pro-

posed here are identifiable in terms of both the function itself as engaged in

by science educators and the clusters of competencies required within each function.

Research and evaluation. These two functions are grouped together here

because of their commonality in terms of the basic competencies required in each.

There is a greattdeal of overlap in the competencies employed, e.g., ability

to employ statistical analyses procedures, ability to design data collection

instruments, and knowledge of measurement theory. At the same time, there is no

intent here of attempting to blur important distinctions between these two acti-

vities. in fact, every effort should be made to make an understanding of the

distinction between research and evaluation much more widespread within the

science education community. They clearly are activities of quite different

natures. The basic goal of research is the acquisition of knowledge which leads

to statements of generalizable applicability while the evaluator seeks information

which is useful for decision-making. But in terms of doctoral programs in science

education, it probably would be well to treat them as a single specialization in

view of the great deal of commonality in basic competencies required. Even so, a

doctoral student may choose to develop his expertise more fully in one of the

two facets of this combined area depending upon his interests and the competencies

of the faculty with which he is working.

Development. The last decade has seen the emergence of educational de-

velopment as an area of considerable activity requiring unique sets of skills.

The variety and sophistication of the competencies required in this area is

extensive(such as the ability to use various media, the ability to develop

materials in such a format, the ability to sequence learning activities, knowl-

edge of the educational setting in which materials will be used, and the ability



to revise materials on the basis of field test feed-back). Thus, development

has become a unique area both in terms of the-competencies 'required and the

demands for people with these competencies. Basically, the goal of personnel

engaged in development activities is the production of useful materials or

products for educational situations.

Instructional Leadership. Activities within this category are designed

to bring about changes in the behavior of people, and modifications of social

systems within which they interact. This is in contrast to research and

evaluation in which the goal is the production of knowledge or information and

development where the goal is the production of educational materials or

approaches. This category includes persons engaged in such activities as pre-

service or in-service teacher education and personnel who work with teachers

and/or administrators to alter the curriculum of students. This is the area

in which science educators as a whole today probably have the greatest amount

of experience and training and most frequently are employed.

CONETERCIES REQUIRED BY FUNCTION

Before pursuing the main thesis of this paper, i.e. that doctoral programs

should contain specializations in accordance with the functions identified

above, attention must be given to the competencies required to engage in these

three functions in an exemplary fashion. The research to which reference was

made earlier provided rather extensive information concerning the competencies

required of persons engaged in research and evaluation or engaged in develop-

ment. Unfortunately, the same delineation of competencies required of people

in the instructional leadership category has not been provided by empirical
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study. In that area we must depend more upon informed opinion and experience.

Although exhaustive descriptions of the competencies required for each

function can not be given here, examples can be. In the list provided below

are examples of competencies commonly employed by personnel engaged in ex-

emplary research and evaluation activities. The list includes many of the

more common competencies found in the study described earlier but is not

intended to be inclusive.

Ability to design card layouts to allow data analysis
within computer constraints and ability to use standar-
dized computer programs (e.g., BMO series).

Knowledge of how computers might be used to analyze data.

Knowledge of t-tests and critical ratios.

Knowledge of alternative methods of presenting statistical
data (e.g., charts, graphs, or tables).

Ability to use computer coding.

Knowledge of ANOVA or ANCOVA designs and techniques.

Ability to read and interpret computer output.

Ability to keypunch.

Knowledge of questionnaire construction techniques and
appropriate uses for questionnaires.

Knowledge of factor analysis techniques.

Ability to allocate time and money wisely in arranging
computer work.

Ability to describe,.explain, or elaborate in writing.

Ability to choose (or design) appropriate statistical
techniques for data analysis.

Knowledge of statistical variance and standard
deviation.

Knowledge of theoretical assumptions underlying various
statistical techniques.
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Knowledge of statistical regression techniques.

Ability to design studies to control extraneous variables.

Ability to use library research techniques.

Ability to incorporate systematic evaluation procedures
into plans for developing educational programs.

Ability to work with public school, university or state
department or education personnel.

Ability to identify educational needs that should be
addressed by educational systems.

Ability to develop techniques for providing evaluative
feedback to program or project personnel in time to
allow needed modifications to be made during the oper-
ation of the program.

Ability to help others identify and state their
objectives.

Ability to discuss the advantages of establishing
evaluation systems in educational institutions.

Ability to work effectively with decision makers.

Knowledge of personnel and the organizational structures
of public school systems and universities.

Ability to put quantitative or numerical information
into verbal or narrative form.

Ability to determine the evaluative questions which must
be asked in evaluation and the information which must be
gathered to answer these questions.

The competencies listed below are examples of the competencies employed

by many of the personnel engaged in exemplary educational development. Again,

the list is intended to provide examples of those competencies which empirical

inquiry has shown are actually employed and it is not intended to be inclusive.

In addition to those competencies listed below, developers employ many of the

competencies required of evaluators (the last ten of-the above list for research

and evaluation).
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Knowledge of current theories of learning especially as they
relate to theories of instruction.

Knowledge of developmental psychology or the field of
psychology in general.

Knowledge of the role of the teacher including abilities
which normally can be expected Of teachers.

Knowledge of instructional approaches that might be
incorporated in teaching or designing instructional
materials.

Ability to establish rapport with children and obtain
their cooperation in testing situations.

Knowledge of theory and techniques for assessing
student achievement.

Knowledge of printing constraints and specifications.

Knowledge of steps involved in the mass production of
curriculum materials (e.g., reproduction and packaging
processes).

Ability to determine financial resources necessary to
conduct a program or project and use accounting procedures
to operate within a program or project budget.

Ability to supervise personnel.

Ability to outline specific procedures for working
through a problem.

Ability to write in a style and at a level appropriate
to a specified audience.

Neither the study described earlier nor other empirical research available

has much to say about the specific competencies required of people working in

teacher education and the implementation of curricular change in school systems.

The above research produced some information about diffusion as defined pre-

viously but most of the diffusion activity was limited to the dissemination of

information with few of the people who were interviewed being engaged in other

aspects of dissemination such as trial teaching of materials or working with

school personnel to put the materials into practice. Experience with teacher
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education and the implementation of curricular change, however, would seem to

indicate that personnel being trained in this area should acquire, for example,

considerable knowledge of and competence in training teachers to use a variety

of educational materials (e.g., films, science laboratory equipment, printer!

materials, and materials collected from the out-of-doors) in,A variety of

educational settings (large lecture groups, small discussion groups,-independent

studies, encounter groups, and the out-of-doors). Extensive knowledge of school

systems and the social interaction therein, also are among the competencies

required of the person who is to bring about meaningful educational change

in the place where'students and teachers spend their time. The extensive

knowledge of and abilities in employing science content, human learning, social

interactions, and educational practices required is obvious. The ability to

analyze and evaluate the great variety of educational practices-with both formal

systematic approaches (such as with classroom observation systems) as well as

with less formal means also is critical. It is informative to net1 that

several of the competencies one would expect of personnel in this area are

employed by developers as well (see the above list of competencies for developers).

It is proposed that doctoral programs in science education should make

provisions for preparing students in depth in one of these three areas in addi-

tion to the more general science education background to which reference was

made previously. This does not mean that every doctoral program in science

education should make provision for specialization in all three of these areas,

-nor that a-given student may not study in depth in more than one area. Every

attempt should -be made to develop programs:' however, -that do-0Atiality-A0n_

-those areas whore-the necessary 10040-competencies -and-inptitutional,posource

40 iv411461611hestOdektIlhbfl9i*OrwOkAri'000-06404006:44V104

;Ab'g6=t-1:5 miptheilOttitaio.
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RESEARCH ON RESEARCH TRAINING

Before proceeding to a discussion of specific recommendation for doctoral

programs in science education reference must be made to the existing body of re-

search in the area; it is informative. Unfortunately, most of the research deals

with training personnel for educational research with little empirical inquiry-

based information on the training of evaluates, developers, or teacher educators.

From the findings and conclusions available on research training; however, it is

possible to make some extrapolations to the other areas.

In the study referred to earlierl a thorough review of the existing litera,

ture on the training of educational research and research-related personnel was

conducted. An extensive search was made for all the literature in this area.

The literature then was judged for methodological adequacy and the findings of

those judged to be adequate were synthesized. The studies cited below are

selected for their apparent relevance to science education and are not intended to

be inclusive of all the studies judged to be methodologically adequate. This

relevant extant research is divided into two categories, (a) personal, characteris-

tics of the research trainee and (b) variables related to research training

programs.

Trainee Characteristics

All of several studies dealing with the age of recipients of the doctorate

in education consistently give the same result -- those persons who obtain their

doctorate at a younger age tend to be more productive of research.--On the other

hand, the-research also shows that education doctorates-tend to be olderat the

time of receipt of the degree than do recipients of the docterate in most other

fields. This discrepency-in age'il a significant matter.

The research also-inditates a-substantial-relationship between research PO-

ductivity and the amount of time spent in continuous full-time residence as a
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`doctoral student. This relationship has been found in the field of psychology as

well Along with the fact that the more productive researchers spend more time

in continuous full -time residence and complete the degree at a younger age, It is

found that the pursuit of a doctorate in educption is largely a part-time endeavor.

Again, the results of this research have significant implications for the training

of researchers in science education.

A third area that has implications for the recruitment of personnel for

entry in training for research in science education is the relationship between

professional experience and research productivity. A negative relationship has

been found between research production and teaching experience. A negative re-

lationship also has been found between research quality and a variable identified

as "practice-oriented socialization" (teaching experience, possession of an Ed.D.

rather than a Ph.D., or professional education courses). The most productive re-

Searchers typically have not been as involved in the practitioner's side of the

profession prior to becoming researchers.

Program Variables

The research on the training of educational researchers also has dealt with

various characteristics of training programs and the production of researcKers

(production in the sense of the number of researchers trained, not the research

productivity of the researchers as discussed in the previous section). The re-

search shows, for example, that those schools which are most selective in their

admission procedures are most productive of researchersilsed6cation. It has been

concluded that idie-greater an institution's selectivity the-greater-is its output

Of researchers.

Researchers have also concluded that something which might he called "re-

Seafth'olWaWAs refated to an-ipstftiitiohls-proddeti,oh_of=reiearchers. Among

-the-various measures of- research climate- identified throUgh-.Such research are the-
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following: the quality of the research produced at an institution, the scope of

this research, the importance attributed to research by deans, the profArtion of

the faculty doing research, the level of graduate apprenticeship on projects, and

the number of joint arrangements with other departments for conducting research.

Other institutional characteristics are early emersion in ongoing research projects,

a close relationship with productive research professors and an emphasis upon pro-

gram flexibility and independent study.

'One of the more important findings of the research in this area is that re-

search apprenticeship, such as holding a research'assistantship, is associated with

research productivity. Furthermore, the nature of this research assistantship ex-

perience has been found to be highly important. A critical factor is whether or

not the person was actually engaged in research work rather than being involved in

non-research activities. Moreover, among those persons who held a genuine research

assistantship further distinctions could be made between productive and non-

productive researchers according to the nature of research activity in which they

were engaged. Productive researchers more often had experience with the conceptual

stages of the research, the use'of statistical analyses and in using the computer.

The research clearly shows that appropriate use of the research assistantship is

an important aspect of research training. This is particularly important, in view

of the fact that the research also provides some indications that the dissertation

does not server to pr6ide the research training that it might.

EXTRAPOLATIONS TO DEVELOPMENT AND INSTRUCTIONAL LEADERSHIP

As noted previously, the research cited above is devoted almost exclUsiVely

to: the-study of the training.of educational researchers and specifically does,nbt

include on the_training of develOOei or personnel for-teacher education

.aril Other-instructional leaderShip ales. Unfortunatelki-reSearchnithese latter
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two areas appears to be essentially non- existent. Even though it is hazardous,

probably the best means of acquiring information at the present time is to attempt

to make extrapolations from the research on the training of researchers to the

areas of development and instructional leadership. The following statements are

made for that reason with full recognition of the hazards involved.

Research referred to above concerned three characteristics of persons in-

volved in educational research: (a) age, (b) the extent to which they attended

graduate school on a full-timeibasis, and (c) the extent to which their socializa-

tiOn was practice- oriented or research- oriented. Of the :;;iree it probably is most

difficult to make extrapolations from the findings on the age of research trainees

to development and instructional leadership trainees. It seems plausible that

educational practitioners who enter a research training program must make a bigger

shift in the nature Of their activities than practitioners who enter a`- training''

program in development or instructional leadership. Not only does entry into re-

search work require a change in activities, it requires a strong shift in values

for-personnel with practice - oriented socialization. If this assumption,is correct,

and if it is more difficult for an older person to make such shifts, it may be that

age is a more important factor in selection of personnel for research trainingpro-

grams than for programs in instructional leadership.

It seems fairly safe to extrapolate from research to development and in-

structional leadership in the,case of the degree of full-time residence as a

doctoral student. In a situation where adequate training is highly dependent upon

apprenticeship types of experiences,-it seems plausible that the extent of

time-emersion in the prograM would be an -important factor.

_ -An inferencelhat-could be draw from the-research on practiCe-oriehted

socialization versus research - oriented tobialitation-is'that=00-6014 shatd-W

selected:foe a giiith
_

training-program'who-haVe socialization-thit4O6Ss consistent
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with that of the program. Practice-oriented socialization, for example, may be

found to be positively related to success in the field of teacher education.

Empirical study of this matter is needed.

The research on characteristics of training programs also may provide some

important insights. It would seem safe to infer, for example, that selectivity

would be important for training productive developers and instructional leaders,

assuming, of course, that the selection criteria employed were related to the per-

formance expected of persons being trained for work in development or teacher

education. In a like manner, knowledge that a "research climate" is correlated

with the production of researchers could be used as a basis for inferring that a

"development climate" or "instructional leadership climate" would be positively re-

lated to the production of personnel in these fields. Just as faculty members who

actually are doing research contribute to a research climate, so it would be ex-

pected that involvement in development or instructional leadership would be an

important part of creating a climate which is conductive to the training of per-

sonnel for these fields.

The fact that appropriate apprenticeship experiences seem to be so strongly

related to the production of researchers cannot be overlooked in creating graduate

programs for training developers and teacher educators and implementors of curricu-

lar change. Probably no facet of the training program is more important than this;

it is critical. Again, as in the case of training for research, it would seem that

the dissertation cannot be depended upon for this apprenticeship experience. In

fact, given the current nature of dissertation work, it seeme-reasonable to assume

that theAissertation'fs even-less likely-to serve this- funOtion in-the case of de-

velopment-and instructional-leadership,;thanAn research.
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RECOMMENDATIONS FOR SCIENCE EDUCATION

As indicated previously, the main recommendation of this paper is that the

specific focut or foci of doctoral Programs in science education be identified and

then the program built up in these areas. The three potential areas of emphasis

identified were (a) research and evaluation, (b) development, and (c) instructional

leadership. Specialization of this type is demanded in today's job market, and it

clearly has a basis in the'job competencies required of educational personnel.

This type of specialization, of course, does not eliminate the need for a general

background in science education or some course work and/or experience in the two

areas in which the person is not concentrating. The person whose focus is instruc-

tional leadership, for example, still will need to take course work in statistics,

research design, and measurement in order to adequately deal with the published

research in teacher education. Likewise, it does not eliminate the possibility of

a dual concentration such as in science teacher education and research. This, in

fact, is an example of a combination that hopefully-will be in demand since there

is much activity on the teacher education front today and research and evaluation

4

are needed to provide the empirical basis for advance in this area. In addition to

the three areas identified above, there may be other specializations or particular

comtinations of areas identified earlier in which institutions may wish to con-

centrate. For examplesa program might be focused upon the history and philosophy

of science education. The key points, however, are that (a)'the-job market todAY-

40mands specialization and (b) most institutions do not have the resources and per-

sonnel for opttrating a quality program in-fallthree areas.

Obvioutly what is being recommended'herefis-not the lorMatien of-new-doetora)

programs'-irce6lince--educitiOn-bUt a refining of 'Mei tting' Onet_. The-personnel

6000 of- doctoral prq'graMs ;Snail d ev lua carefully the current strengths= and

potential areas=for_growtfi to adequately pinpoint tnose areas'in which-theY can
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provide adequate training for doctoral students. The extent of faculty involvement

in the areas of research and evaluation, developmentl'and educational leadership,

as well as the opportunities for increased involvement and/or improved competency

must be considered. Another consideration is the extent to which there is poten-

tial for involvement of doctoral students in the work of other university depart-

ments and nearby agencies outside of the university where they can gain suitable

apprenticeship experiences in one of the three areas.

The selection of students is another area which needs to be given some atten-

tion according to the conclusions of research. Today's job market would indicate

that the need for careful selection of students is even greater than in the past

and the research indicates that selection criteria can be applied in a way that

will increase the probability of getting the better people into the field of

science education. In the case of research, at least, age is clearly a factor

which should be considered in the selection of graduate students for a doctoral

program. The young age is fairly preferable although the practice-oriented nature

of science education is such that some science teaching experience should be re-

quired of everyone. An inference that might be made on the basis of the research

referred to previously is that students should be selected, to some extent, on the

basis of the socialization that they have had. The practice-oriented socialization

referred to above may result in an individual who is less likely to be interested

in research than he is in teacher education. This basis for selection, probably

should be approached with great caution, however, in that science education

specifically required people with a practice-oriented base of exOrience. The

author also is cautious about this=recommendation because many science education

students who ultimately do become interested in research apparently were not aware

Orthis interest prior to= their exposure research,in a doCi6fil program The

=research also indicates quite clear19 thAt selection,of students owthe bAsis'tif
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.ability is a benefit. The crucial question is what constitutes ability in each of

the three areas of research and evaluation, development, and teacher education.

Further research.is obviously needed here to determine specifically what entry abil-

ities are most important in each of these three areas. A final consideration_in

the selection of students is that self-selection operates to a large extent and is

of fundamental importance. This means that adequate information must be available

for students about the specific nature of the doctoral program which they are con-

sidering as well as information and assistance that will help them evaluate their

own interests and goals.

The research has established quite conclusively that the.type of apprentice-

ship experience which a doctoral student gains is-a key facet (possibly even the

most important fiCet) of a program. There probably is no aspect of existing

doctoral programs which has more potential for improvement than this one. Faculty

involvement in the appropriate area, such as educational development, is of key

importance if this apprenticeship is to exist. The person who expects to train

researchers must be involved in research himself and provide the opportunity for

doctoral students to become involved in this work-at a conceptual level and not

just at the clerical level. As a minimum, it would seem that this involvement

should be at least extensive enough that the doctoral student and the faculty

member would co-author at least one research publication prior to the student's

work on a dissertation. Similarly, the student who expects to concentrate in

educational-leadership should have the opportunity of working with a faculty member

in new approaches to teacher- education such as the development of teacher education

modules and gain some experiences in working With-sthools in a leadership-r010-in

implementation of curricular change. _Again--; the need for specialilation=Withfh

:-programs-on:the part-of'faCUltY:probably4s'apPlarent.--: Or*fa610 member**,

netrexp-ebt-te'seek ciUtilde funding andloPerate-Oregrams\in all three-areas-add be

adequately involved.
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A second need, if adequate apprenticeship experiences are to be provided, is

to work out acceptable cooperative arrangements with other agencies both on and

off campus. Cooperative arrangements need to be built first of all with many

groups within the given school of education. For example, it is very unlikely that

a student whose area of 'concentration is research and evaluation could receive

adequate preparation without intensive involvement with the faculty members of the

area of research and evaluation. The involvement should be intensive and include

at least a small amount of apprenticeship type experience with such persons in

addition to the conventional course work in the area. The person interested in

teacher education needs to work with personnel such as a faculty group developing

competency-based teacher education modules or a group involved in development of

encounter group type experiences for teacher education. Another example of on-

campus groups with whom cooperative arrangements would be advantageous is a bureau

of audiovisual instruction or some'other group involved in the production of educe,

tional media. Apprenticeship experience with such a group would be invaluable for

the student in development.

Similar kinds of cooperative arrangements can be made with off-campus groups.

For example, if there is a curriculum development project within a reasonable dis-

tance, arrangement' could be made for development students to gain excellent

apprenticeship experience with them. Cooperative arrangements often can be made

with public schools, particularly with a research or evaluation unit where some

work related to science education is being done. The instructional leadership

student would- find-experience -in working with_ the science consultant of a state

department or school district on an internship basis to be very beneficial.

Atteriffon 41so should be given to the= typo'of seminars -in' Which'ttUdehti re

ANVOlvediSOMiharS=iii'tOiehce-OdueitiWarwhatlaffiOlOfft=091horiisilvOi.-,th'ea

-volOOmat studihts, for exAmple ihduld'havo-the-opoortObity of belhO'ih a seminar
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with students from fields other than science education where the focus is develop-

ment. Seminars on research, evaluation, development, teacher education, etc., in-

cluding students from many different fields should be an important part of the

doctoral program. The need for apprenticeship experiences and the need to inte-

grate theory and practice would seem to require that these seminars, as well as

seminars in general, be tied in some way to experience and actual work in the

relevant area.

Most of the characteristics being advocated above should contribute to some-

thing else which the research has indicated is desirable, namely an appropriate

"climate," such as a research climate. Possibly what constitutes a desired climate'

in anyone of the three areas is really expressed in operational terms by the

recommendations made above. In addition, it would seem that the appropriate

climate for the student would be enhanced by full-time residence for as long a

period of time as is possible. The research provides us with a basis for at least

strongly recommending to the student that this be the case. Research in this field

also would indicate that we cannot depend upon the dissertation as an adequate

apprenticeship even in the area of research. Apprenticeship experdences and emersion

in the field must be characterics of the program. For too long too many people in

education have been willing to think of a doctoral program in terms which are

similar to those for bachelors and masters programs, namely the taking of a sequence

of courses. Within the kind of climate advocated above, the dissertation may be

_less of a stumbling block to some students with a resultant fewer number of people

of the "all- but - dissertation" type,

A final point is-that-student advisetent-is critical to any program. Students

should know ahead of time the type of program they are entering'as-Well-asethe-biher

:o0tion-§ that are--84ailibtti not billy--et'the particular intiftlitioil_whiChlhey are

--conflderingattehdings-bilt-it'ether institutions as well. Student recruitment fis
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important for the develoriment of strong Programs but at the same time there is a

fundamental responsibility to the student to provide him with as complete informa-

tion as possible in order that he may make the best decision for himself. Student

advising and concern for students in other ways must continue throughout the pro-

gram. The possibility for them to make choices and influence their own program

obviously must receive high priority.
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FOOTNOTES
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